Quantification of leaf spot (leaf damage with yellow spot) in Saintpaulia (Saintpaulia ionantha H. Wendl. cv. Ritali) was conducted by using an image analysis technique. Clear images without distortions or shadows were acquired by using a transmitted light from underneath the leaf. Quantification by the image analysis has very high correlation with that estimated by weighing the replicas of photograph.
INTRODUCTION
Recently the use of high-resolution digital image analysis based on personal computers has increased in agricultural science, because image analysis has several advantages , including non-destruction, high speed and high accuracy. It has been used to estimate root surface area of corn (Smika and Klute, 1982) , onion (Ottman and Timm,1984) grown in soil or in nutrient solution, root length and root tips (Zoon and Van Tienderen, 1990) , plant growth in a plant factory (Shibata et al., 1993) , and growth of in vitro plants (Motooka et al ., 1991) . However, there are some problems associated with using image analysis in plant science . The most marked problems are the distortion of images caused by reflective light from materials and shadows by uneven lighting conditions during photographing.
Coffee leaf with a waxy surface gave rise to highly reflective images of the leaf surface which may lead to loss of contrast between some rusted and healthy tissues, and between reflective healthy tissues and the background (Price et al., 1993) . Blazquez and Edwards (1985) also reported that difficulties in digitizing Ektachrome images of tomato leaves infected with late blight occurred due to shadows caused by uneven lighting conditions. These problems inhibit good image acquisition, and have limited the use of this technique in plant science. If these problems could be avoided, image analysis technique could be used more widely and precisely in plant science .
Leaf spot of Saintpaulia is a leaf damage caused by temperature drop in leaf during irrigation (Elliot, 1946; Maekawa et al., 1987) . Leaf spot has been an important problem for commercial production and management at home. First step to clarify its mechanism is to determine the severity of leaf spot rapidly and precisely. Because leaf spot is characterized by scattered, circular or elongated, yellow spots of variable sizes, it is very laborious to quantify the leaf spot by weighing the paper replicas of leaf spot photograph, and very difficult using Vol. 34, No. 4 (1996) Quantification of leaf spot Disease severity, particularly of individual leaves or plants, has been evaluated almost exclusively by visual assessment. However, this method usually overestimates the percentage leaf area spotted in orchard grass, which was greatest when infected area was smallest, often being two to three times larger than the actual area (Sherwood et al., 1983) . Another method is by planimeter assessments, which calculate the damaged leaf area from the weights of the projected paper replicas drawn. This method, however, is laborious and time-consuming. Price et al. (1993) reported that image analysis technique was more accurate than the visual estimation and the planimeter assessments in quantifying the severity of coffee leaf rust. Smith (1995) indicated that because the powerful image editing software could easily show the number of pixels of selected area and the color index of the selected pixels, it could easily and precisely quantify the damaged area. In the present study, we also could obtain easily the percentage of leaf spot area to total leaf area, through a simple procedure of image analysis as described in the MATERIALS AND METHOD (Fig. 3) .
The accuracy of image analysis Very high correlation (R2=0.98) was shown between both quantification by image analysis and weighing the photograph replicas, indicating that the quantification of image Vol. 34, No. 4 (1996) (77)331 In A, the severity of leaf spot quantified by image analysis is 14.25%.
analysis is very accurate (Fig. 3) . As described in the INTRODUCTION, leaf spot usually has a very complex pattern, so it is very difficult and laborious to quantify precisely the degree of leaf spot by conventional methods like weighing the photograph replicas.
In this experiment, we used the only leaves with leaf spot of simple pattern, by which it was possible to quantify the Environ. Control in Biol, 332(78) actual degree of leaf spot. In addition, the image analyzed by the computer corresponded very well with the micrograph which was photographed through the fluorescence microscope (Fig .  4B, C) . This correspondence indicates that the image analysis can quantify the severity of leaf spot precisely, even when the leaf spot has a very complex pattern , so it is very difficult to estimate its severity by weighing the photograph replicas . On the other hand, because chlorophyll in the palisade cells of damaged area had been destroyed and yielded no fluorescence, the fluorescence microscope allowed us to distinguish the healthy and the damaged area with a physiological viewpoint . Therefore, the correspondence of the analyzed image and the micrograph indicates that the image acquired by using the transmitted light can show physiological changes occurring in the leaf i .e., the destruction of chlorophyll.
In conclusion, a transmitted light allowed us to acquire very clear images , by which we could quantify the leaf spot severity precisely and easily . This result suggested that image analysis using transmitted light could be a very useful tool to quantify leaf damage with very complex patterns like leaf spot in Saintpaulia. In addition, although in this experiment we prepared a large studio to trap the transmitted light, and detached leaves were used, it was suggested that if small portable boxes for capturing images could be made in accordance to the user's purpose, our technique can be used non-destructively for many other plants , and furthermore in the fields.
